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Makoto Nishida* & Torn Oishi** : The identity of 
Araucarioxylon mineense and a new species 
of Protocedroxylon from the Triassic 
of Mine, Yamaguchi Prefecture*** 

HE |&* • M** ’ Araucarioxylon mineense 

Protocedroxylon op 1 itf® 

(PI. I-II) 

Araucarioxylon mineense Ogura (1960) from the Hirabara Pass, Mine City, 
Yamaguchi Prefecture would be the first Triassic wood known in Japan. This 
was followed by Nishida et al. (1977) who reported A. mineense from the 
Norian (upper Triassic) of Sekigahara, Gifu Prefecture. Recently Yamazaki 
et al. (1980) described two species of Xenoxylon, Protocedroxylon triassicum 
Yamazaki et al. and Araucariopitys japonica Yamazaki et al. from the upper 
Triassic near Nariwa, Okayama Prefecture. Of these, the latter two species 
resemble very closely A. mineense in gross morphology. In the autumn of 
1977, we made a short field trip in Mine City and collected several pieces of 
silicified wood from the Triassic sandstone on the road side of the Hirabara 
Pass under the guidance of the late Mr. Goro Okafuji, who was a teacher of 
biology at Mine High School and had renown for an excellent collector of 
Triassic plants of Mine district. The present specimens were found by the 
late Mr. Goro Okafuji from the Mugikawa coal beds of the Momonoki For¬ 
mation at the Hirabara Pass (Fig. 1). The Mine group consists of three sub¬ 
divided formations; Hirabara, Momonoki and Aso Formations. The Momonoki 
Formation consists of 1) Mugikawa cyclic coal-bearing beds (lacustrine depos¬ 
its), 2) Momonoki deltaic sediments (deltaic deposits) and 3) Omine cyclic 
coal-bearing beds (lacustrine deposits) (Tokuyama 1958). The Mugikawa 
cyclic coal-bearing beds consists of three cyclothems intercalated with many 
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Fig. 1. Geological map showing the locality (X) of Protocedroxylon okafujii. A, coal 
bed. B, Omine cyclic coal-bearing beds. C, Momonoki deltaic sediments. D, 
Mugikawa cyclic coal-bearing beds. E, Hirabara Formation. F, Takiguchi For¬ 
mation. G, paleozoic strata. 


coal seams (Mugikawa coal beds). The present fossil woods were collected 
from the grayish medium grain sandstone, under the uppermost coal seam of 
the Mugikawa coal beds (Table 1). According to Kobayashi (1930) and Koba- 
yashi & Katayama (1938), Tosapecten suzukii and Oxytoma zitteli are found 
also from the Aso Formation and these species are common to the Pecten bed 
which is located between the Halobia bed and Pseudomonotis ochotica bed in 
the Sakawa district, Shikoku. Judging from the correlation with the Upper 
Triassic strata of Sakawa district, the Aso Formation would not be younger 
than the Norian, and the Momonoki Formation would seem to be the Carnian 
in age. 

The present specimens seemed to be identified with A. mineense at a 
glance in exhibiting abundant tyloses in all tracheids which were regarded as 
the most impressed character of A. mineense by Ogura (1960). Protocedroxylon 
triassicum resembles also A. mineense in gross morphology including abundant 
tyleses in all tracheids except for the presence of the abietineous pitting on 
ray cells. Thereupon we have examined the type specimen of A. mineense 
under the courtesy of the University Museum in the University of Tokyo, and 
reexamined the specimens from the Hirabara Pass. As a result, we have 
reached a conclussion that Protocedroxylon triassicum would be identical with 
A. mineense and our specimens from the Hirabara Pass would be a new species 
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belonging to Protocedroxylon. 

Protocedroxylon mineense (Ogura) Nishida et Oishi, comb. nov. 

Araucarioxylon mineense Ogura, Journ. Fac. Sci., Univ. of Tokyo Sect. Ill 
7 (10) : 501 (1960). Protocedroxylon triassicum Yamazaki et al., Mem. School 
of Sci. & Engin. Waseda Univ. 44: 100 (1980). 

Locality. The Hirabara Pass, Mine City, Yamaguchi Prefecture. 

Horizon. Upper Tiassic: Carnian. 

Distribution. Nariwa, Okayama Prefecture and Mine, Yamaguchi Prefecture 
-(Triassic: Carnian to Norian). 

Affinity. In the original description of A. mineense, Ogura (1960) picked 
up the following features as diagnostic characters: 1) wood consisting only of 
tracheids and rays and being devoid of wood parenchyma, 2) araucarian type 
of pitting on radial walls of tracheids, 3) rays usually uniseriate and often 
biseriate in part and exhibiting 1-29 cells high, 4) ray cells being narrow in 
width in tangential section, 5) tracheids having abundant tyloses, and 6) one 
to two large ovoid pits in a cross field. On the other hand, Protocedroxylon 
triassicum has been characterized by the following diagnostic characters (Yama¬ 
zaki et al. 1980) ; 1) araucarian and often protopinoid type of pitting on 
tangential as well as radial walls of tracheids, 2) abietineous pitting on ray 


Table 1. Correlation of the division of Mine Group 
(after Tokuyama 1958). 


O 


Aso Formation 


Sannose sandstone (600 m) 

Oda coal-bearing beds (400 m) 

) Mitsusugi sandstone (800 m) 

(Inoki coal-bearing beds (200 m) 

! Omine cyclic coal-bearing beds (500 m) 
Momonoki deltaic sediments (450 m) 
Mugikawa cyclic coal-bearing beds (380 m) 

.—. unconformity —.. 

1 Upper (400 m) 

Hirabara Formation (Middle (250m) 

[Lower (450m) 

Takiguchi Formation (300 m + ) 

. unconformity ---.-. 

Pre-Triassic 
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cells, 3) tracheids having abundant tyloses, 4) presence of wood parenchyma, 
5) rays uniseriate or often biseriate in part and 1-40 cells high, and 6) 1-2 
ovoid pits in a cross field. 

Ogura (1960) overlooked the abietineous pitting on the ray cells in his 
specimen perhaps on account of thickness of original micropreparations and 
not so good preservation of them. We examined original micropreparations 
which have been kept in the University Museum in the University of Tokyo 
and could find out the abietineous pitting on well-preserved ray cells (PI. I A- 
C, E). We could find out it also on our new micropreparations of the type 
specimen made by the ordinary peel method using hydrogen fluoride as a 
reagent. We also found rays higher than those of original description ranging 
up to 42 cells high on our own micropreparations as well as the original ones. 
Moreover we detected the bordered pits on the tangential walls of tracheids, 
of which Ogura was not aware (PI. I F). This would suggest that A. mineense 
would not belong to Araucarioxylon but to Protocedroxylon. 

Yamazaki et al. (1980) described the presence of the wood parenchyma in. 
their Protocedroxylon triassicum. So-called wood parenchyma they figured. 
(Fig. 4-B and Fig. 1 in PI. VI in Yamazaki et al. 1980), however, would not 
be true wood parenchyma but septulate tracheids. Because these cells exhibit 
nodular thickenings on their vertical (tangential) walls which would be verti¬ 
cal sections of the bordered pits on tangential walls. Moreover crowded 
several pits in the cross field between the ray cells and the so-called wood 
parenchyma, shown on Fig. 4-B, are obviously bordered. Hence they would 
not be true wood parenchyma but the septate tracheids. We have found 
similar structures on the original micropreparations of A. mineense (PI. I C) :: 
the septulate cells like so-called wood parenchyma figured by Yamazaki et al. 
contain tyloses or exhibit araucarian type of pitting on their extensions (PL 
I D). We have also examined that some extensions of vertical elements which 
constitute cross field containing several crowded bordered pits like those figured 
by Yamazaki et al. (1980), exhibit also the araucarian type of pitting (PI. I 
C). Thus we believe P. triassicum is devoid of wood parenchyma and is 
identical with A. mineense. Of course it is reasonable that it belongs to 
Protocedroxylon because of the appearence of the abietineous pitting on the 
ray cells. A. mineense sensu Nishida et al. (1977) from the Triassic of Seki- 
gahara does not exhibit the abietineous pitting on the ray cells. Thus it is 
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not identical with A. mineense but would be the other species belonging to 
Araucarioxylon. 

Diagnosis emend, of Protocedroxylon mineense. 

Wood consisting only of tracheids and rays, devoid of wood parenchyma. 
Tracheids containing abundant tyloses, sometimes septulate. Bordered pits on 
radial walls arranged usually in one to two rows and in araucarian type or 
rarely in protopinoid type. Tangential walls pitted sparsely by smaller bordered 
pits. Rays usually uniseriate, often biseriate in part, 1-42 cells high. Ray 
cells comparatively narrow in tangential width, and having abietineous pitting. 
Usually one to two large ovoid pits, rarely several small crowded pits in a 
cross field. 

The secondary wood of Araucariopitys japonica also resembles closely P. 
mineense in general structure except for the presence of traumatic resin canals 
in the former. Araucariopitys is also separated from Protocedroxylon by the 
presence of sclerids in the pith. However, such fundamental structures as 
tyloses in the tracheids, form and height of rays, pits in the cross field, 
arrangement of bordered pits on the tracheids, abietineous pitting on ray cells 
and abundant intercellular spaces among the elements of the secondary wood, 
tracheids as well as ray cells, are shared by A. japonica and P. mineense. 
Traumatic resin canal is sporadical character. All Japanese specimens of Proto¬ 
cedroxylon have been devoid of pith. Hence we have not been able to 
neglect a possibility that A. japonica may be identical with P. mineense. We 
have expected future examination to solve this problem. 

Protocedroxylon okafujii Nishida et Oishi, sp. nov. 

Lacality. Road cut of the Hirabara Pass, Mine City, Yamaguchi Prefecture. 

Horizon. Upper Triassic: Carnian. 

The type specimen (No. 77001) is deposited in the Laboratory of Phylo¬ 
genetic Botany, Faculty of Science, Chiba University. 

Materials. Original petrified trunk immersed in the sandstone constituting 
the road cut of the Hirabara Pass is ca 30 cm in diameter. We collected 
several pieces of the fairy preserved secondary wood from the original trunk. 

Description. Wood consisting of tracheids, rays and wood parenchyma 
which littered sparsely in the increments. Growth rings visible. Transition 
from the early to the late wood, consisting only of several layers of tracheid, 
abrupt. Tracheids rectangular or more or less radially or tangentially elongated 
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in shape in cross section, 15-60 /am and 17-72 in tangential and radial 
diameters respectively. Tracheids often occluded with resinous brown sub¬ 
stances, and sometimes septulate and always contain abundant tyloses. Bordered 
pits on radial walls usually arranged in araucarian type; contiguously and 
alternately arranged in one to two rows, or rarely arranged separately; circular 
or somewhat flattened, 14-26 pm in diameter. Bordered pits also present on 
tangential walls arranged contiguously or separately. There are 4-9 rays per 
1 mm. Rays usually uniseriate, often biseriate in part, 1-40 cells high or 30- 
1020 pm in height. Ray cells vertically elongated rectangular and narrow in 
width in tangential section, 14-36 pm and 9-12 pm in vertical and tangential 
widths respectively and pitted on all walls; abietineous pitting present. Single 
or two large ovoid pits in a cross field, 7-18 pm in long diameter. Wood 
parenchyma thin, 26-28 pm and 18-20 /am in tangential and radial widths 
respectively and 72-250 ,«m in length. 

Affinity. As mentioned above, the present specimen shares almost all 
diagnostic characters with P. mineense, except for the presence of wood 
parenchyma. Mesozoic petrified trunks exhibiting both the araucarian type of 
pitting on the tracheids and the abietineous pitting on the ray cells have been 
described in several works (Stopes & Fujii 1910, Shimakura 1937, Ogura 1944, 
Nishida 1962, 1966, 1967a, 1967b, 1967c, 1970, 1973, Yamazaki et al. 1980). 
Planoxylon in which Japanese species have been recognized by Nishida (1962, 
1966, 1967a, 1973) would be distinguished from Protocedroxylon in having 
vertical pairs of pits in the cross field. Araucariopitys in which only A* 
japonica (Yamazaki et al. 1980) is registered in Japan differs from Protocedro¬ 
xylon in having traumatic resin canals and sclerids in the pith, though all 
Japanese specimens of Protocedroxylon are devoid of pith. A. japonica differs 
from the present species in having traumatic resin canals and being devoid of 
wood parenchyma. Protocedroxylon japonicum and P. pseudo-araucarioides 
from the Cretaceous of Choshi (Nishida 1967b, 1973) have also tyloses in the 
tracheids, though they are not so abundant as the present species, but differs 
from the present species in having several half-bordered pits in a cross field 
and lower rays, 2-22 cells high instead of 1-2 large ovoid pits in a cross field 
and higher rays, up to 40 cells high in the latter. Metacupressinoxylon, in 
which five Japanese species including tyloses-bearing ones were recognised by 
Nishida (1965, 1967a), is distinguished from the present specimen in having 
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lower rays, 1-13 cells high and exhibiting mainly ordinary coniferous type of 
pitting on the tracheids. Cedroxylon species in Japan do not have any tylosis 
in the tracheids. Thus we would like to register the present specimen as a 
new species belonging to Protocedroxylon. Specific epithet is dedicated the 
late Mr. Goro Okafuji who assisted us in collecting the materials. 

The authors wish to express their thanks to the late Mr. Goro Okafuji for 
his kindness to assist us in collecting the materials. They also wish to thank 
for the courtesy of the University Museum in the University of Tokyo giving 
permission to examine the type specimens of Araucarioxylon mineense. 
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Explanation of plates I~II 

PI. I. Protocedroxylon mineense. Cross (A), radial (B-D), and tangential (E, 
F) sections of the type specimen (original micropreparations) of Araucario¬ 
xylon mineense Ogura. Abietineous pitting of ray cells are exhibited in A 
& E. Nodules ascribed to abietineous pitting on horizontal and tangential 
walls of ray cells are seen in B. Several crowd half bordered pits in the 
cross field between ray cells and tracheid are exhibited in C (arrow: cf. 
fig. 4 in Yamazaki et al. 1980). Septulate tracheid which is easy to be 
misunderstood as wood parenchyma is seen in the center of D. Arrow 
indicates bordered pits (cf. PI. VI, fig. 1 in Yamazaki et al. 1980). 
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Bordered pits on tangential walls of tracheid are seen in F. A, B and F, 
x 280 ; C and E, x 145 ; D, x70. 

PL II. Protocedroxylon okafujii. A, cross section showing a wood parenchyma. 
B, radial section showing nodules ascribed to abietineous pitting on horizontal 
and tangential walls of ray cells. C, radial section exhibiting wood paren¬ 
chyma (arrow). D, tangential section showing wood parenchyma (arrow). 
A and B, x310; C and D, x80. 
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